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COMPARISON OF CONSTANT CURRENT AND

CAPACITOR DISCHARGE IGEITION OF NORMAL LEAD STYPHNATE

ABSTRACT: & comparison was made of. constant current asnd cupacitor
discharge ignition of normal lead styphnate in the tise regime
typically employed for firing initiators by each type of =ignal.
The loading pressure wac varied from 2,500 to 60,000 psi. For

the regimes studied, as the explosive loading pressure was in-
creased, constant current activaticn gave icnger ignition times
bnt capacitor diecharge firing gave shorter ignition times. The
energy requirement for ignition increasz2 with loading pressure

_ for constant current ignition, and was coaskant for capacitor

discharge ionition.

Explcsion Dynamics Division
Exglosions Research Department
Naval Ordnance Labceratory
Silver spring, Maryland 206910
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NOLTR 70-236 2 March 1971

COMPARISON OF CONSTANT CURRENT AND CAPACITOR DISCHAKGE IGNITION
OF NORMAL LEAD STYPHNATE

This report compares the effects of constant current and capacitor
discharge activation signals {used in their typical time regimes)
on the igniticn of normal lead styphnate over a range of leoading
pressures. The work was performed under task ORD 332 001/UFl7 354
314 Problem 201, Explosive Xnitiation and safety.

The results should be of interest to pexsons engaged in initiation
research and in the design of electrical initiaters aad power
svpplies therefor.

The identification of commercial materials implies no criticism or
endorsement of these producte by the Naval Ordnance Lakeratory

GEORGE G. BALL
Captain, USH
Commander
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INTRODUCTYON

1. The effective utilization of explosives and explosive trains
requires a thorough understanding of the initiation process and

the growth of explosion. Many faciors affecting the initiation

of explosives in explosive components have stiil not been expiained.
Further studies of these factors, both chemical and phvsical, is
needed in order to build safe, reliable, 2nd effective fuze trains.

2. Tuere is increaeing interest in the effect of various electrical
activation signals upon thermally activated electre explogive devices
(EED's). Por example, military specificaticn MIL-I-23653 for in-
sen3itive SED's places upper {(ali fire-5 amperes, 50 milliseconds)
-and lower {no fire-1 ampere,; 5 minutes) lirits on the constant
current sensitivity, g the constant currxent characteristics

and functioning times of désiqner interest.l EED's meeting the

2bove reguirements mmst sometimes be fired by capacito* discharge
“firing cizcuits, thereby also cenerating interest in the pulse
firing characteristics and functioning times.?

3. Rormel lead stypﬁnate {NLS) is probably the most widely used
ignition material in EED's. Although .onsidersd a relatively poor
initiating material, NLS is easily ignited by a hot wire and has
good storage proporties.

4. The effects of loading nressure on the hot wire ignition of
normal lead styphnate by capacxtor discharge have been previously
investigated.3 It was found that the capacitor discharge energy
requirement of NLS remains fairly constant over a wide loading
pressure range and the average ignition time decreases as the load-
ing density in increased. JXIn this report, the effects of loading
density on the constant curzent ignition of MLS are examined and

a comparison is made with the capacitor discharge igpition results.
The investigation was made with a wire siz= typical of current EED
use, and the results are believed to be applicable to larger diameter
wires used in insensitive EED's.
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EXPERIMENTAL

5. 7%he effect of loading density on the constant curreant ignition
time and eneray rnquxzeuent of NLS was znvestigated'at three loading
pressures - 2,500 psi, 10,000 psi, and 60,000 psi. The time of
ignition was detexmxnad by two separate techniques -~ the voltage
inflection technique®4;5 and the ~light pipe technique*t - go that

a comparison could be made of the two methods. Results were also
compared with those obtained previously by capacitor discharge.3

6. Piring Circuit - A d.c¢. power suppiy in conjunction with a
mercury wetted_millisecond switch was used to produce the constant
current pulse.? The circuit contains a2 15-ohm ballast rasistor.

- A constant current level of 0:3 ampere was used for ignition because

this value gives ignition times within the: control period of the
switch and will not burn out the bridgewire during the time region
of interest. an equivalent resistor {within 0.25 ohm of the b:xdge-
wire resistance tc be tested) was first substituted before =zach

shot to regulate tc the desired curvent level of 0.3 ampere.

7. Initiator Plug - A specizlly modified initiator plug was used
for Iocading the expiosive on the bridgewire. A hole was drilled
axially through the initiator plug between the two> contact pins,
and a light pipe potted ir this hole so that rcadiation from the
initial resaction of the explosive could be detected and transmitted
t> a photodetector tube. See Fig. 1. The light pipe method is
describec fully in NOLTR 69-148. The piug is bridged with a l-mil
diameter nichrome wire having an effective length of GI05C after
soldering to the contact pins. This bridgewire has a resistance
range of 2.5 to 4.0 ohms.

8. Recorder - A Tektronix 555 Dual-beam Ozcilloscope with two
fast-rize, Type K preamplifiers was used to observe the voltage
acrnss the wire and the photodetector tuke sigrnal. The voltage
inflection technique for Jdetermining the ignitiza time raquircs a9
special equipment other than z means of monitoriag the voitage

i{IR drop) across the bridgewire during the current pulse. In addition
to determining the time of ignition; the observed voltaye change was
employed to determine the bridgewire temperature. PFor this iatter
surpose it is difficult to make precise measurements of tha voltage
cnange across the wire when the entire signal amplitude is observed,
since there is only a 4-8% increase in resistance before ignition
occurs. Figure 23 shows the voltage signal obtained with a bare

Z
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ROLTR 70-2386

bridgewire using a 72 millisecond duration pulse. In crder to amplify
the voltage change in the signal by dsing a high oscilloscope sensi-
tivity, the beam spot must be set w2ll below the viewing screen,

then only the signal portion of interest is cbserved. See Fiz. 2B.

A variabie bhuckirg voitage can be employed if necessary to lower

the beam spot if the osciiioscope vertical position fial does not
provide sufficient iztitude.
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RESVLTS

8. {Constant current pulses of G.3-a=zpere azpiitude mainlained for

2 longer period than necessayy for firiac, were used 5 fire ten
loaded initiator plugs at each of the three lcading pressures. Ths
ignition tizes were observed by “‘a “voltage jinflectiox techniguse™
and the "light pipe Yechnicue®. The tuwc zetlofs were found to
corroborate each other. iadicat 1“3 the same igniticn time sithis
the resoluticn of the millisecené susep speeds. See Fig. 3a. The
average tize of ignition was found to increase =arkedly ang the
oalculated temsprrature® of the bridcevire 2t the time of icziticon
to érop with increasince icading pressure. Sa2¢ Takle T.

10. Several of the vire te=perature 2xcursions were crserved t
ke cuite irxrequilar when tuhgec*eﬁ £ 2 constant cufrent “"3.e-
Sec Fig. 3B. pPrepulsing of all the yvast initiztor piugs kefb'e
lsading was used to sinizize the Irregular changed. Pragalsing
of the bridcexire with a Q.--ﬂ.crefa:;é capacitor chargsa@ to 3O

volts befcre loadiag of the explosive tends to produce a more linear

resistance change, but goes not eatirely r.sove the ifreguiaxities.
Irregularitier were found to ke —ors prevaleatl at the 7,:3%—95-
icading pressure and drop off as the icadiag pressure is incrsaged.
No irrecular resistance changes were Observed at the £3,300:psi
ioacding pressure. Frcm this ohse!?a.ibn, one zight sazaise that
the irrscularities 2rs 1ar -

scvemsent Juring the hoati
the a2xpliousive.

* Caiculated from wire resistancl, assuzmiag linear insrease of
resistance with emperature in osbserved regien.
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DEISKUSSINE

1. The sensitivity of siectzo exsissive &‘acesmm-‘ezhmai'
Teen Szterz=ined by :a:a-cz.:e-“zs&sse oongtant correst inzor.
a;htaﬁz&a.@mass:e:sm vmmeé-éezean’f
zate of aneroy inpot Is Sesized. T=is is azconplishes by meking
mhésén.fggixmtiamﬁ& hfn—.z::es‘
toe txidcewire. Eﬁl“éﬁméﬁmﬁmfﬁac
Coostant curzent salsss are wsually oot enplioyed in the Itw msczo-
W@amqt&aﬁ&‘?s‘%aﬁ'uégtﬁ
a2 kich axperage STTATe ware ga!s-e. Trsice: of cc=stant cmsrexnt
vilces xicht De t2oge empicyed &y &129:@&%5@‘3&&;
fm";ezuéi&ca..hmm&n o= from 2 to X millie
secocnss &S in 3@plitide frox G.1 o imezz- gz?rmatsﬁga_
%gez&::iz@;ai:sme:s:ﬁ ?s:eeaw?;mm”btestz&
of inge=sitive EED's. Thé vaires Seceiz zze faiziy typicel of
&maﬁ&*txag&#m;sém ""ﬂ"‘ﬂ-ﬂ!—
$h3Pes.

NI

12. T2 exazi=ning the effest of Iocafing Sensity wpos i ROl dize
icaition tize of XLS, the icnitics Tite was £om=2 to iScresse uiix
im:.%&a.wﬁg*’awammmas&xw

the wize. &g:mww"-i_aa‘m‘ﬁ_“‘a ic=itics tine
&ecreases with iscreasing Jensity xTex upinc 2 caseciior fisciarce
2o 1eat the wize.3 See Fig. 4. It c2= Do seen thes that tie Ioads
iay Sfeity-icnitiss time affect is 3cpemdent Spon The tyde of
electzicat fizi=Z Sicmal. 3&%%%&%@;&&@%?55
of sleciticat activatics sic=als.

15. Ceoostant Cozzest - Tnder oonditicns wlers the xidcevire remains
jictact when neated Iy ¥ consiznt cuzyent smise, tde Tridcewitze at
::zt‘}eats@-a.:iﬂv;ué ..aee:as;;m‘ aﬂ*amaa&ﬁsﬁ

tazperature 23 eguilibrion conditics: are z3orosched. Se= Pig. FA.
The posaer Inrmt {P) o the wire Soxing the ooostart corzeat I3
paise will rise zcoording o

?=1’2§_j§.-}£} -

EF

F L

Ep is the iz=3%tiaz zﬂis‘.a:a—#e. = ibhe hermal coefficies® of resistance,
253 T the fesgerators €. The corzant ievels can{*-@” aapioved

£or oommstant Surrasnt fi:é.-‘-g give EIniziaticn ondex pen-ad@istetic
conZitions - In the miliisecond time regiom - a=& that is troe of

+he woTh reEoorisd Dere.
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14. when the explosive is poorly coupled (low density) to the
nichrome bridgewire, keeping the radial loss of heat from the wire
at | low rate, the resiscance rise due to heating effects will
occur at a relatively rapid rate. See Fig. 5. Therefore, the
power input to wires in contact with low density explosive will
increase more rapidly than to wires in gocd thermal contact with
the explosive. The low density explosive will conduct heat away
froi the bridgewire at a low rate due to its poor thermal contact
to both the wire and with itself. One might then anticipate that
the fast bridgewire heating observed with low density explosive,
coupled with the poor heat transmission through the low density

3 explosive will cause ignition of a critical vclume of NLS much more
3 rapidly than a wire in good contact with the explosive. This is
observed to occur even though a higher ignition temperature exists
for the explosive due to the shorter period of heat exposure.

E 15. an important controlling factor appears to be heat conduction
' through the explosive away from the granules adjacent to the wire.
See Table XII. The table indicates that under the non-adiabatic
conditions of the constant current pulse, the heat loss is an
important factor in determining the probability and time of ignition.
Of interest to the present study is a paper by Austing and Weber
who in the examination of the constant current ignition of metal-
metal oxide mixtures noticed that increases in density increased
the time to ignition.2 Even though the thermal conductivity of NLS
is approximately three magnitudes lower than the metal-metal oxide
mixtures, the heat transmission is sufficiently affected by the
loading density to exhibit the same type of effect.

16. 1In constant current initiation the longer the required period
of current flow, the greater the energy requirement. Therefore,
the denser the NLS, the greater the ignition energy requirement in
the non-adiabatic time region.

17. Capacitor Discharge - During a capacitor discharge, for the
experimental parameters used, the wire heats rapidly, reaching the
maxjimum temperature near the end of the discharge. It then under-

goes a comparatively long cooling cycle. See Fig. 6. The NLS

can ignite either during the course of the temperature rise or

during the cooling period of the wire., In the present constant current
tests however, ignition must occur during the temperature rise since
the pulse length was made intentionally longer than the ignition time.
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18. Capacitor discharge parameters commonly used to effect hot

wire initiation usually give initiations in the microsecond time
regioa. Eyring, et al, in studying heat conductjon into a grain

of 100 u diameter have shown the grain surface requires 1 to 10
microseconds to reach the temperature of the huating bath.10 fThe
center of the grain can remain cool for times up to 100 mi.croseconds 10
See Fig. 7. The diagrams are for a fully immersed grain. For a
comparison with wire heating, one can assume heat entry from cnly

Rt R Ui Ak MU ks e B R B




WA 0l R e - ety

s

P gt fY

;"(H(l\d'i’&’ M

AU

1

W ng

vy

i
Oy

eyt
At

Nkl

Ui

!

T A S S B P PR

ot

NOLTR 70-236

one surface with a grain thickness of 5 - 10 u. Only the first
few luyers of explogive adjacent to the wire will be of importance
for discharge times in the oxder of microseconds.

19. Even for the short times involved in a capacitor discharge,
the temperature excursion of the bridgewire is dependent upon the
degree of coupling to the explosive. A wire poorly coupled to the
explosive (low density} will reach a higher temperature and ccol
at a slower rate than one in good thexrmal contact with the explo-
sive.3 This indicates a slower transfer of heat from the wire to
the explosive. In general, the poorer the thermal ccntact, the
later the time of ignition due to the slowexr heat transfer. Even
with fairly good coupling, the temperature of the explcesive would
be expected to lag that of the wire as indicated by the results of
Eyring, et al. 1If ignition does not occur on the temperature rise
of the wire, and the wire temperature remains above the ignition
temperature of the explosive, heat transfer will continue and
ignition can occur during the wire coocling phase. Ignition is
possible until the wire temperature drops below the explosive igni-
ticn temperature.

20. The energy requirement for the ignition of NLS remains constant
over a wide density range even though the heat capacity of the
bridgewire system increases with loading pressure. The exact
explanation is unknown at this time but it appears to have some
connection with the rate of heat transfer. Greater heat losses
to the inert parxts appear to occur at the lower densities Lecause
of the slower heat transfer to the explosive, thereby equalizing
the energy requirement over a wide density range.

21. Implications - It can be surmised from the above discussions
that for fast rates of energy input the thermal contact resistance
between the wire and the explosive is of prime importance while
for slow rates of energy input, the energy input rate in comparison
<o the cooling time is of prime importance. It is well known in
capacitor discharge work that as the capacitance is increased and
the firing voitage decreased, mocre energy is required for firing
since the initiation process becomes non-adiabatic. Conversely,
as the constant current level is iucreased, the initiation process
approaches an adiabatic condition and less energy is necessary.
The phenomena observed therefore, cannot be attributed toc the type
of waveform used, but to the time regime in which each waveform

is typically emplcoyed. One would therefore expect that as the
input times from the two types of electrical signals approach each
other at some intermediate time region, density effects upon the
ignition time would gradually lessen because of the opposing
tendencies with perhaps the cooling effect predominating.#*

*Measured cooling time constants for the experiments reported here
are 2600 microseconds at 2.5-K psi loading pressurxe and 1400 micro-
seconds at 60~K psi loading pressure. Thermal lag effects appear
to be important up to 100 microseconds,

7

%
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22. The resnlts are of interest in the design of insensitive EED's.
They show that the insensitivity of Ni5 (and most likely other
stychnates) to non-adiabatic constant current ignition can be in-
creased?® by increasing the loading pressure and yet not affect the
energy sensitivity to capacitor discharge. The occurxrence of faster
ignition times with capacitor discharge initiation as the loading
pressure is increased would in most cases be considered a favorable
condition. -

23. Analysis of hot wire initiation is sometimes limited to a study
of the bridgewire temperature history. It can be seen from the
constant current results that the relationship between the bridge~
wire temperature and the probability of initiation can be somewhat
tenuous over an experimental parameter range (i.e., density) where
ignition temperatures varying from 339 to 150°C were derived from
the wire resistance change. The relationship between the bridge-
wire temperature and the probability of initiation depends upon
such diverse factors as thermal contact resistance, variation of
explosive initiation temperature with time of exposure to heat
source, radial loss cf heat, and particle size of the explosive.
The bridgewire temperature has been successfully used for mathema-
tical predictions based upon a specific set of conditions, but care
ehould be taken when there is any parameter variance.

*2A five to one constant current energy increase was effected under
the experimental conditions. See Appendix 2 for supplementail tests
with an insensitive bridge element.
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CONCLUSIONS

24, The effect cf loxding density on the ignition of NLS depends
upon the type of electrical activation signal. For very short
activation times (microsecond region) the thermal contact resistance
between the bridgewire and the explosive appearxs to be of prime
importance. For longer input times- {millisecond region), heat loss
through the explosive appears to be the prime consideration.

25, The time of ignition and enérgy reguirement of NLS will in-
crease with increasing density when employing a constant current
pulse in its typical time regime (non-~-adiabatic region). This
technique can be employed to assist NLS to meet the l-amp/l-watt
no-fire requirement of MIL-I-23659.

26. At high constant current inputs (ca. 5 ampereg) whexe adiabatic
conditions are being approached, changes in the density of NLS have
a negligible e¢ffect upon the time of ignition and energy require-
rent. ’ -

27. £tudies relating the bridgewire tfemperature to the probability
of initiation should ke carefully examined when any parameter is
varied. -
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APPENDIX A

Zé A.l. The effect of loading pressure on the sensitivity of NLS with
3 the Mk 101 type l-amp/l-watt ribbon bridge? was briefly examined to
E determine if the investigation results were applicable to actual

£ hardware. The plug element only was employed in these tests. It

=5 consists of the glass/kovar plug, the evanoh: bridge element, plastic
insulator, and aluminum charge holder. See Table aA-IX.

2 A.2. The results in Table A-I show that the insensitivity of NLS
£ can be increased at the lower current levels (non-adiabatic region)
by increasing the loading pressure. At the 5-ampere *"all fire
level", the increase in insensitivity is negligible (as one would
expect when approaching adiabatic conditions)} and the ignition tinme

will be well within the 50 millisecond functioning requirement of
MIL-I-23659.
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CONSTANT CURRENT TEST RESULTS FOR NLS ON

NOLTR 70-236

TABLE A-1

1-AMPERE/1l -WATT RIBBON BRIDGE

R e TPt Lo A 1 P o T A

Current Lnading Pressure Resistance Time of Results
(amps) (K psi) {chms)} Current
Flow
1.2 10,000 1.24 5.0 mins No fire
1.2 10,000 1.26 0.82 ¢ Fired
1.2 10,000 3..27 l1.48 " Fired
1.2 10,000 1.28 0.55 * Fired
1.2 10,000 1.28 2.87 Fired
1.2 60, 009 1.23 .0 mins No fire
1.2 60,000 1.2 0" No fire
1.2 60,000 1.28 .0" No fire
1.2 60,006 1.28 0" No fire
1.2 60, 000 1.28 .0 " No fire
5.0 10,000 1.27 4.3 msec Fired
. 10,000 1.29 2.6 " Fired
. 10,000 1.31 2.6 " Fired
. 60,000 1.27 .9 msec Fired
. 60,000 1.28 70" Fired
.0 60,000 1.29 €.2 " Fired
A-2
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